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Secondary ion mass spectrometry (SINS) is often used to monitor

elemental depth distributions in solids and solid interfaces. The

technique is highly sensitive for most elements and has good depth

resolution. However, the complexity of the sputtering event has made

quantitative analysis difficult. Ie implant standards (1-3) have

been successfully used to calibrate the depth profiles of trace

elements in homogeneous matrices. However. due to the variation of

secondary ion yields and sputtering yields with matrix composition,

matrix effects, the quantification of SIMS profiles in multimatrix

samples remains a problem.

For AlxGaZjzAs and related matrices, it has recently been shown

that practical ion yields v ( ions detected/ atoms spattered) and

sputtering yields S ( secondary atoms/primary ion) vary linearly with

sample composition (4). In addition, highly precise calibration lines

were obtained using relative ion yields Rv and relative sputtering

yields RS. These relative values were obtained by normalizing ion

yields and sputtering yields from a sample matrix (v2 and SO to those

from a standard matrix (To and SO) when both measurements were

performed under near identical analysis conditions.

1k - 'xlo (1)

RS - x/So  (2)

-- -- ' , . ... . . .
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In this investigation, the application of these calibration lines

to the analysis of Al 2Gai...As multilayer-multimstrix samples is

ozauined. iesio SUfe.a#4des;-as shown in Figure 1, are best

ehsaoterized as a series of homogeneous matrices. A profile

correction program (CLIC), which treats each point of a depth profile

Sas a homogeneous matrixIwill be presented. SLIC determines the matrix

omposition at each point of a depth profile and subsequently performs

a point-by-point correction of the trace element distributions. The

capabilities and limitations of this method will be discussed.

M[EI SECTIO

hanle Pleszion. The Al Gal-,As matrices were grown by

molecular beam epitaxy (MBB) on seni-insulating GaAs substrates. The

matrix compositions were determined from the 0I9 growth parameters and

verified to an accuracy of better than 10% (5) using Rutherford

backscattering spectroscopy (R3S). In som instances dopants were

introduced during the growth process while in others, including the

standards, ion implantation was used. Prior to implantation samples

were cleaned with acetone and methanol.

Instrumentation. The AlzGal.jAs layers wore grown in a VARIAN

*3M-360 machine (6). RBS measurements were carried out on a GRIRJM

I"Nwr Tandetron Model 4110A. Analyses were performed using a 2.7 Nov

;Will
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Be+  ion been with solid state detection at a 1700 anle from the

incident bean path. Ion implantation was performed using a hot

fUmnt ion source and a nagnot for mass separation.

SINS analysis was carried out on a CAJICA INS-3F ion

microanalyzer (7) interfaced to a NEWLCIT PACKARD 9845T microcomputer

for control and data acquisition. A 1.0 pA 02+ primary bern at an

energy of 5.5 KeY was rastered over a 300 1 300 pm area. Positive

secondary ions were monitored from an image field 60 pim in dianeter.

Analyses were performed with a residual pressure of 2 X 10 - 8 torr and

an energy window of 130 oV. A multiple sample holder was used to

simultaneously mount several samples. Depth measurements on the

sputtered craters were performed on a TALSTSEP stylus device.

Softtwe. Prograns for instrumental control, data analysis, and

matrix correction veto written in BASIC foc the BP 9845T. The progro

SLIC (suporlatttice and interface calibration) was used to correct

depth profiles for matrix effects.

SLIC is a comprehensive matrix correction program. For

AlxGal-zAa matrices, the matrix composition and depth at each point of

a depth profile is determined by an iterative process involving

calibration lines for both relative sputtering yield and the relative

ion yield of 7 5 As+. Dopant profiles are then corrected for matrix

changes using the appropriate dopant calibration lines.
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Procedre. Bach sample was mounted with three standards, created

by iou implantation, using a multiple sample holder. The standards,

including in each case GaAs and two different AlzGail..As matrices, and

the sample were inserted simultaneously to insure nearly identical

analysis conditions. After allowing the pressure in the sample

chamber to reach a steady-state conditions the primary beam was

focused to a spot of about 100 pa in diameter, and the proper mass

settings were determined. Standards and sample were analyzed

consecutively without changing any instrumental parmeters. Using the

depth profiles of the standards, matrix calibration lines were

constructed and used to correct the sample depth profiles.

- AI RIDIIRI

ft and 3S calibration lines can be used to quantify concentration

and depth respectively (4). Using ESq. (3). the concentration of

amalyte at each point of a depth profile Cp (atoms/=m3 ) can be

determined.

C P lp/s tve s pt A ()

ftz is the relative sputtering yield determnemd from a calibration
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line for the appropriate value of x, and To is the praotical ion yield

.1, of the analyte in the standard matrix (GaAs). Ip (counts) and Dp (on)

are the signal and depth increment associated with a given point of a

depth profile.

Similarly, the erosion rate at a given point of a depth profile

z (cm/seo) can be determined using Eq. (4).

"P -S-%o-mO/Nx (4)

ix is the relative sputtering yield determined from a calibration

line for the appropriate value of z, and z (cm/see) is the erosion

rate of the standard matrix (GaAs). N and N. are the atomic

densities of the standard and sample matrix respectively.

With Eqs. (3) and (4) a multilayer-multimtrix sample can now be

analyzed. The most critical ingredient of such an analysis is the

determination of the matrix structure. The program SLIC exploits the

fact that the concentration of As in AlxGalxAs matrices is a

constant, and that the relative ion yield of 7 SAs+ in Al Ga._.As

matrices can be readily calibrated. If the value of Rvz in Eq. (3)

is expressed in terms of the equation for the 7 5 As calibration line

Z - .4 15 where is the slope of the line), the equtio

cas be manipulated to the following farm:
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z-((IA,*/c .A-As.p (5)I*
•- -

Exoopt for D1 , the values for all the variables on the right side of

Eq. ($) can be readily determimed. Since Dp is directly related to

1 (Dp - z*Tp. where Tp is the maboer of seconds per point). it can
be expressed in terus of Sq. (4). If RS is replaced with tho

corresponding equation for the RS calibration line. Sq. (6) is

obtained.

P- (ES-x + l).*ZO-NOINx.T,

(6)

- (,. +1) O.Tp

%IS is the slope of the RS calibration line, and %30 is the slope of

the corresponding relative erosion rate calibration line (N.o -

NaS-NINo). Once again the values of Dp and z are the only umakmo

quantities.

For each point of a depth profile, the progrem E.IC deteomies

the matriz structure by perfotming the following proofes. It

initially asumes that a - 0. The orrespoondia8 value of D is

doterminf from 1eq. (6). and employed in kq. (5) to obtain a better

2 ppezl"iotL' A A. This process is reiterated ntil the value of z
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converses. In this manner, the matrix structure can be determined

despite matrix gradients, interfaces, and plateaus.

Cavailities Mna LRmaions. As shown in Figure 2a, matrix

effects can drastically distort SINS analyses through

multilayer-uultimatrix samples. This depth profile of a boron implant

through a GaAs and a Al Gaj-xAs layer shows a large irregularity at 31

time units. This irregularity is due to the changing matrix effects

at the interface. In Figure 2b, ELIC was used to determine the Al

distribution and correct the 1B +  implant distribution. Upon

correction, the implant distribution was transformed into the near

gaussian shape which was expected.

The crucial factor influencing the quality of the matrix

corrections performed by SLIC is the accuracy with which the matrix

structure can be determined. This accuracy can be checked with RBS.

33S analysis is accurate to about 10%. and has an detection limit of

10 for AlxGaixAs matrices. In Figure 3, a complex AlxGai.xAs sample

was analyzed by both SINS and RBS. The Al concentration at specific

regions of the superlattice was determined using SLIC and standard RBS

techniques (5). As shown in Table I, the values determined by the two

techniques agree quite well. i4act, the two sets of data are not

statistically different at a 95% confidence level.

In addition to matrix composition, the point-by-point correlation

between matrix structura and dopant distribution is critical. Small

.1
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differences between the actual and the measured matrix structure can

significantly influence the corrections performed on dopant

distributions. As apparent in Figure 4. the 75AS+ signal tracts the

Al distribution quite well. S.-IC uses this correlation to precisely

determine matrix structures. However, errors can still result from

the correlation between matrix structure and dopant distribution. For

example, there is a dead time between the measurement of the matrix

signal and the dopant signal for each point of a depth profile. When

this dead time is large compared to the abruptness of the matrix

changes, the matrix and dopant signals will be obtained from different

matrix regions. Consequently, the dopant signal will be calibrated

for the wrong matrix composition. Fortunately, this type of error can

usually be avoided by minimizing the dead time and reducing the

sputtering rate.

Another obstacle to quantitative multilayer-multimatrix analysis

concerns molecular interferences. Molecular ions are frequently the

source of the high background signals commonly observed during

elemental analysis. Molecular signals, like elemental ion yields, can

change with matrix composition. When analyzing a multimatrix sample.

failure to correct for the changing abundance of interfering molecular

ions can lead to erroneous elemental distributions. For example, in

Figure Sa, the 2881+ profile (dotted line) tracts the A12+ profile

(solid line) through the alternating GaAs and AlxGai.zAs layers even

though this region has not been doped with Si. Fortunately, these

changing background levels can often be linearly correlated to the

-4 - ------- ,- ---- AIM
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matrix composition, For example, provided the background signals are

normalized to erosion rate, a procise background signal calibration

line can be obtained for Si in Al.x~a_xAs. The background signals can

then be subtracted point-by-point prior to quantification. In Figure

Sb. both a background corrected (dotted line) and an uncorrected

(dashed line) Si concentration depth profile are presented. In the

corrected version, nearly all the distortions produced by the changing

background levels are removed. The doped region at the surface

remains followed by a region with the Si concentratrion below the

detection limit (5 X 1017 atom/cm3 ) of Si in GaAs.

The full utility of SLIC can be appreciated when very complex

samples are analyzed. In Figure 6. SLIC has been used to

quantitatively analyze a complex AI 1 Gal-,As superlattice grown by NK

with Be and Si dopants. In the uncorrected profile, Figure 6a, both

the Be and Si distributions follow the 7 $As+ signal due to the

changing matrix effects. Upon calibration, both the Be and Si

distributions have changed substantially. As expected from the growth

conditions, the Be concentration generally increases as the Al

concentration decreases and vice versa. In addition, excluding the

surface build up, the Si distribution has ge/nerally leveled out at 4

1 1018 atom/cm3 . Without E.-IC, this type of analysis could not have

been made

In summary, LIC is a very precise progrsm for applying

calibration lines to the problem of matrix effects in complex samples.

i ;: "::! " ' "' " " : '"' "... '": V ' :i: ": '..... --" ; ' - -'' -
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Although most of the work to date has been applied to Al1Ga...Aa

matrices, this procedure can be used in related matrices, such as

InzGaj-xzAs and G&As1..15b,. In addition, work in this laboratory

indicates that similar methods can be applied to Group III and V

compound matrices in which several elements are changing

simultaneously.

The authors gratefully acknowledge the assistance of C.

Palmstrom and 3. Mayer with the RES measurements, and B. Shaft and

*G. Wicks for the growth of the KBE matrices. ron implantation was

performed at the National Research and Resource Facility for Submicron

Structures at Cornell.
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Table I. Point-by-point Comparison of Al Caoentrations

Detezined by SINS and EBB Analyses

Al Camoentration (X i021 atom/cm)

Point 335 SINS Deviation

1 12.0 13.0 -1.0

2 4.2 3.9 +0.3

3 5.1 4.8 +0.3

4 5.1 4.7 +0.4

5 5.2 4.7 +0.5

6 11.0 11.0 0.0

7 1.0 1.3 -0.3

8 4.9 5.7 -0.8

Avg Deviation - -0.075

.I .........
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P n CAPIO

Figure 1. A hypothetical Al 1Gaj.1As superlattice. The thickness

T of the layers can vary from several angstroms to several

microns while z can be varied from 0 to 1.

Figure 2. SINS depth prof ile of a 250 Kev 11B + implant into a

GaAs/Al 0 3Ga 0 7 As/GaAs sample. (a) uncorrected profiles

of 113+ (...) and 75 As+ C-); (b) concentration

profiles of B (...) (2.0 x 1018 atom/cm3 full scale, and

Al C-) (1.0 1 1022 atom/cm3 full scale).

Figure 3.* SINS and RS depth profiles of an Al.Ga1..2As

superlattice. (a) an uncorrected 75Ask SINS 
profile;

(b) an RS profile of the total counts from Ga and As.

Figure 4. An uncorrected SINS depth profile of 75As+ (-) andI 2 7A12 + --- in an A, Ga1..1As superlattice.

Figure S. SINS depth profile of an (GaAs/Al0 35Ga0 65As)u

superlattice doped in the 
first 0.4 pm with Si.

(a) uncorrected profiles of A12 + (-) and 28Sj+* C...)

(b) concentration (atom/cm3) profiles of A12+ -)

and Si with C.)and without -- )backgrond correction.



FLU 16

SFigure 6. SIJM depth profile of an AlzGaljzAs superlattieo doped

with Be and Si. (a) uncorreeted profiles of 9Be ---

285 1...). and 7$As C-); (b) conoentration

profiles of Be --- ) (5.0 x 1019 atom/on$ full seale),

Si G..) (9.0 1 1019 atom/o 3 full seale) and Al 1-)

S(1.5 X 1022 atom/om3 full scale).
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